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tion method including: calculating a directional angle of a
first identification line based on identification points near a
radar zero point of the first recognition line collected by a
radar of the robot; determining a sequence of the identifi-
cation points in an identification area according to the
calculated directional angle of the first identification line,
and finding two endpoints of the sequence of the identifi-
cation points; determining dividing point(s) in the sequence
of the identification points; fitting the sequence of the
identification points to obtain a linear equation of the first
identification line with respect to a coordinate system of a
mobile robot; and determining a central positional coordi-
nate of the first identification line based on the dividing
point(s) and a linear equation, and determining a relative
position of the robot based on the central positional coor-
dinate and the linear equation.
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ROBOT RECHARGING LOCALIZATION
METHOD AND ROBOT USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Chinese Patent Appli-
cation No. 201910786056.7, filed Aug. 23, 2019, which is
hereby incorporated by reference herein as if set forth in its
entirety.

BACKGROUND
1. Technical Field

The present disclosure relates to robot technology, and
particularly to a robot recharging localization method and a
robot using the same.

2. Description of Related Art

In order to improve the intelligence of the usage of robots,
many robots such as service robots or inspection robots are
provided with an automatic recharge function. When the
robot completes the tasks, or the robot’s power is below a
certain value, the robot will automatically find a charging
station for charging. That is, the robot searches for the
charging station around the robot, automatically moves to
the front of the charging station, and docks to the charging
station to connect to the power source.

In order to move the robot to the charging station reliably,
the robot needs to be localized. The current localization
methods include infrared localization, visual localization,
and the like, which are easily interfered by ambient light
during the localization and may affect the localization accu-
racy when recharging the robot, and is not conducive to
accurately and reliably completing the automatic recharge of
the robot.

BRIEF DESCRIPTION OF THE DRAWINGS

To describe the technical schemes in the embodiments of
the present disclosure or in the prior art more clearly, the
following briefly introduces the drawings required for
describing the embodiments or the prior art. It should be
understood that, the drawings in the following description
merely show some embodiments of the present disclosure.
For those skilled in the art, other drawings can be obtained
according to the drawings without creative efforts.

FIG. 1A is a 3D schematic diagram of an example of the
shape of a charging identification area according to an
embodiment of the present disclosure.

FIG. 1B is a schematic diagram of an example of the
shape of a horizontal section of the charging identification
area of FIG. 1A.

FIG. 2 is a schematic diagram of another example of the
shape of a horizontal section of a charging identification area
according to an embodiment of the present disclosure.

FIG. 3 is a schematic diagram of an example of finding
endpoints of a charging identification area according to an
embodiment of the present disclosure.

FIG. 4 is a flow chart of a robot recharging localization
method according to an embodiment of the present disclo-
sure.

FIG. 5 is a schematic diagram of a coordinate system of
a radar of a robot and a coordinate system of a charging
station according to an embodiment of the present disclo-
sure.
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FIG. 6 is a flow chart of an example of calculating a
directional angle of a first identification line according to an
embodiment of the present disclosure.

FIG. 7 is a flow chart of an example of determining a
sequence of identification points according to an embodi-
ment of the present disclosure.

FIG. 8 is a schematic diagram of an example of deter-
mining dividing points based on a change of an included
angle.

FIG. 9 is a schematic block diagram of an embodiment of
a robot recharging localization apparatus according to the
present disclosure.

FIG. 10 is a schematic block diagram of an embodiment
of' a mobile robot according to the present disclosure.

DETAILED DESCRIPTION

In the following descriptions, for purposes of explanation
instead of limitation, specific details such as particular
system architecture and technique are set forth in order to
provide a thorough understanding of embodiments of the
present disclosure. However, it will be apparent to those
skilled in the art that the present disclosure may be imple-
mented in other embodiments that are less specific of these
details. In other instances, detailed descriptions of well-
known systems, devices, circuits, and methods are omitted
s0 as not to obscure the description of the present disclosure
with unnecessary detail.

For the purpose of describing the technical solutions of
the present disclosure, the following describes through spe-
cific embodiments.

FIG. 1A is a 3D schematic diagram of an example of the
shape of a charging identification area according to an
embodiment of the present disclosure; and FIG. 1B is a
schematic diagram of an example of the shape of a hori-
zontal section of the charging identification area of FIG. 1A.
As shown in FIG. 1A and FIG. 1B, a charging identification
area 10 is defined by a first identification surface 11 as well
as a second identification surface 12 and a third identifica-
tion surface 13 that both extend from the first identification
surface 11 in a same direction. The identification area 10 is
provided with a charging station 20 having a charging
interface 21 for a robot to charge. The first identification
surface 11, the second identification surface 12 and the third
identification surface 13 intersect a horizontal section H of
the identification area 10 on a first identification line 1011,
a second identification line 1021 and a third identification
line 1031, respectively. In which, the second identification
line 1021 and the third identification line 1031 can respec-
tively have a vertical relationship with respect to the first
identification line 1011, or can respectively have a non-
vertical relationship which has an included angle greater
than 90 degrees with respect to the first identification line
1011. For example, as shown in FIG. 2, the straight angle
between the first identification line 1011, the second iden-
tification line 1021 and the third identification line 1031 is
greater than 90 degrees. In other embodiments, the horizon-
tal section H of the identification area 10 can be an unhori-
zontal section.

FIG. 3 is a schematic diagram of an example of finding
endpoints of a charging identification area according to an
embodiment of the present disclosure. As shown in FIG. 3,
in this embodiment, a mobile robot such as a patrolling robot
is installed with a detecting radar. In this embodiment, the
detecting radar is a lidar. The detecting radar can be installed
directly in front of the robot, and a polar coordinate system
of the radar which has a direction directly in front of the
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detecting radar as the X-axis and the radar as the center point
can be created, where the position of the lidar cannot overlap
with the center of the robot. The detecting radar can be
centered on the X-axis to scan a predetermined scanning
range. For example, if the SICKS571 lidar is used, the
scanning range is +270 degrees, the angular resolution is
0.33 degrees, and each data frame can have 811 distance
values; the array d[i] indicates the distance of the i-th point
(where i=0-810), and theta(i) indicates the directional angle
of the i-th point, then d[0] can indicate the distance of —270
degrees, d[810] can indicate the distance of +270 degrees,
d[405] can represent the distance of 0 degrees. When the
polar coordinate system of the radar is converted into a
Cartesian coordinate system, the calculation of the coordi-
nate of the identification point of the identification area can
be expressed through the following equations:

point_x(i)=d(i)*cos(theta(?)); and

point_y(i)=d(i)*sin(theta(s)).

FIG. 4 is a flow chart of a robot recharging localization
method according to an embodiment of the present disclo-
sure. In this embodiment, a localization method for a robot
to recharge is provided. The method is a computer-imple-
mented method executable for a processor, which may be
implemented through and applied to a robot recharging
localization apparatus as shown in FIG. 9 or a robot as
shown in FIG. 10. As shown in FIG. 4, the method includes
the following steps.

S401: calculating a directional angle of the first identifi-
cation line based on identification points near a radar zero
point of the first recognition line collected by a radar of the
robot.

In this embodiment, a general orientation of the charging
station can be determined in advance. According to the
general orientation, it can make a detecting radar of the robot
to direct to the first identification line of the charging station.
When detecting the identification points P (see FIG. 1B)
through the detecting radar disposed on the robot, the
distance and the orientation between the identification point
and the detecting radar of the robot can be detected, and the
position of the identification points P can be determined in
a coordinate system of the radar of the robot (i.e., the
coordinate system of the robot). FIG. 5 is a schematic
diagram of a coordinate system of a radar of a robot and a
coordinate system of a charging station according to an
embodiment of the present disclosure. As shown in FIG. 5,
the coordinate system of the radar of the robot (in short, the
coordinate system of the robot) is XOY, and the coordinate
system of the charging station is X'O'Y". The directional
angle theta of the first identification line is an included angle
of'the first identification line and the axis X in the coordinate
system XOY of the robot (FIG. 3 and FIG. 5). FIG. 6 is a
flow chart of an example of calculating a directional angle
of a first identification line according to an embodiment of
the present disclosure. As shown in FIG. 6, the step of
calculating the directional angle of the first identification
line of the identification area includes:

S601: obtaining the identification points collected by the
radar of the robot, and estimating an approximately direction
of the first identification line of the identification area.

The plurality of identification points detected through the
detecting radar can form the identification area of the robot.
In one embodiment, since the first identification line is
positioned at a central part of the identification area, a
direction of the body in the central part can be taken as a blur
direction of the first identification line.
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S602: obtaining a plurality of identification points on both
sides of the radar zero point Z of the first identification line
according to the estimated approximately direction of the
first identification line.

The plurality of identification points (e.g., 30 identifica-
tion points) on the both sides of the radar zero point Z is
obtained according to the estimated approximately direction
of the first identification line. In which, the radar zero point
Z refers to a point on the first identification line correspond-
ing to a 0-degree direction of the radar during the ranging of
the lidar.

S603: fitting the obtained identification points to obtain
the estimated first identification line and calculating a direc-
tional angle of the first identification line.

As shown in FIG. B, the estimated directional angle theta
of the first identification line is an included angle between
the first identification line and the coordinate axis X in the
radar coordinate system XOY.

S402: determining a sequence of the identification points
in the identification area according to the calculated direc-
tional angle of the first identification line, and finding two
endpoints of the sequence of the identification points.

When the robot obtains multiple identification points,
there may include impurity identification points in the
non-identification area or the identification points away from
the first identification line. FIG. 7 is a flow chart of an
example of determining a sequence of identification points
according to an embodiment of the present disclosure. As
shown in FIG. 7, the method is for effectively filtering the
identification points, which includes the following steps.

S701: selecting the identification points P from a zero
point Z toward two opposite directions of the estimated first
identification line in a sequential manner, and forming a first
line through the selected identification points P and a zero
point Z.

S702: obtaining a directional angle of the first line,
determining a difference between the directional angle of the
first line and an estimated directional angle of the first
identification line.

S703: using a previous identification point of the currently
selected identification point as the endpoints of the sequence
of the identification points, in response to the difference
being greater than a predetermined value, and determining
the sequence of the identification points based on the iden-
tified endpoint.

In this embodiment, the zero point Z is used as a midpoint,
and an included angle beta between a straight line formed of
the current point P and the zero point Z and the estimated
first identification line is calculated from two opposite
directions of the estimated first identification line in a round
robin manner. As shown in FIG. 3, there are two included
angles beta (m) and beta (n) corresponding to the two points
P (m) and p (n), respectively. When the included angle beta
is larger than a preset angle (for example, 30°), the previ-
ously found point is marked as N1 or N2. In such a manner,
all points on the three identification lines 1011, 1021, and
1031 are determined.

S403 determining dividing points Q1 and Q2 in the
sequence of the identification points based on a change of a
first included angle formed of a radar zero point of the first
identification line, endpoints of the sequence of the identi-
fication points, and the identification points in the sequence
of the identification points:

When determining the dividing points Q1 and Q2 (see
FIG. 5), it can identify one of the endpoints of the sequence
of the identification points, the zero-degree point of the
radar, and a central identification point between the zero-
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degree point and the endpoint to form a first included angle
gama (see FIG. 8) with the central identification point as a
vertex, and determine the central identification point corre-
sponding to the smallest first included angle as the division
point. In other embodiment, the identification point corre-
sponding to the maximum included angle formed by taking
the endpoint as a vertex can also be taken as the division
point.

FIG. 8 is a schematic diagram of an example of deter-
mining dividing points based on a change of an included
angle. As shown in FIG. 8, it is assumed that the zero-degree
point Z of the radar is located in the first identification line,
N1 and N2 are the endpoints of the two ends of the
identification area, and a central identification point is arbi-
trarily selected from a central area formed by the endpoints
N1 and Z, which forms the first angle, that is, the angle
gama. In the smallest angle gama, the corresponding central
identification point is a division point Q1 or Q2 of the first
identification line and a side line.

S404: fitting the sequence of the identification points to
obtain a linear equation of the first identification line with
respect to a coordinate system of the robot.

Assuming that the linear equation of the first identification
line is y,=ax,+b,, since the divided first identification line
includes a plurality of identification points, the linear equa-
tion corresponding to the first identification line can be
obtained by fitting through a fitting method such as least
squares.

S405: determining a central positional coordinate of the
first identification line based on the dividing point(s) and the
linear equation, and determining a relative position of the
robot based on the central positional coordinate and the
linear equation.

According to the fitted linear equation and the determined
dividing point(s), the midpoint in the linear equation can be
obtained, that is, after calculating an average value of the
coordinate of the dividing point(s), the calculated average
value is fitted to the linear equation so as to obtain the
coordinate of the midpoint of the first identification line. By
combining the line equation, the second angle ang of the first
identification line and the X-axis of the coordinate system of
the radar can be determined, and a conversion matrix for
converting the coordinate in the coordinate system of the
radar into the coordinate of the coordinate system of the
charging station can be obtained based on the determined
second angle and the coordinate of the midpoint, where the
conversion matrix can be:

cos(ang) sin(ang) —xq cos(ang)— yorsin(ang)

A = | —sin(ang) cos(ang)

0 0 1

Xo sin(ang) — yorcos(ang) |;

where, (X,.Y ) is the coordinate of the midpoint of the
first identification line of the identification area in the
coordinate system of the radar. In addition, in order to
further improve the localization accuracy of the robot,
assuming that a distance between a center of the robot and
the radar is L, the coordinate of the center of the robot in the
coordinate system of the charging station can be calculated
based on the following equation:

y|l=A| 0
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In this embodiment, the | shaped identification area com-
posed of three lines on the horizontal section of the charging
identification area is set, the charging interface disposed in
the central part of the first identification line, the directional
angle of the first identification line is estimated trough the
identification points of the radar signals detected by the
radar of the robot, and the sequence of the identification
points of the identification area is determined based on the
directional angle, and then the division point of the sequence
of the identification points is further obtained so as to fit the
identification points of the divided first identification line to
obtain the line equation of the first identification line. The
relative position of the robot is determined by employing
middle point of the first identification line, so that the robot
can be free from the interference of ambient light when
localization, which is beneficial to improve the localization
accuracy of the robot, thereby improving the accuracy and
reliability of the recharging of the robot.

It should be understood that, the sequence of the serial
number of the steps in the above-mentioned embodiments
does not mean the execution order while the execution order
of each process should be determined by its function and
internal logic, which should not be taken as any limitation to
the implementation process of the embodiments.

FIG. 9 is a schematic block diagram of an embodiment of
a robot recharging localization apparatus according to the
present disclosure. A localization apparatus for recharging of
a mobile robot is provided. The robot is configured to
identify a charging identification area, where the identifica-
tion area is defined by a first identification surface as well as
a second identification surface and a third identification
surface both extending from the first identification surface in
a same direction, the identification area is defined by a
charging station having a charging interface, and the first
identification surface, the second identification surface and
the third identification surface intersect a horizontal section
of the identification area on a first identification line, a
second identification line and a third identification line,
respectively. The apparatus includes:

a directional angle estimating unit 901 configured to
calculate a directional angle of the first identification line of
the identification area based on identification points col-
lected by a radar of the robot, where the directional angle is
an included angle of the first identification line and an axis
of a coordinate system of the robot;

an identification point sequence determining unit 902
configured to determine a sequence of the identification
points in the identification area according to the directional
angle of the first identification line;

a dividing point determining unit 903 configured to deter-
mine dividing point(s) in the sequence of the identification
points based on a change of a first included angle formed of
a radar zero point of the first identification line, endpoints of
the sequence of the identification points, and the identifica-
tion points in the sequence of the identification points;

a fitting unit 904 configured to fit the sequence of the
identification points to obtain a linear equation of the first
identification line with respect to a coordinate system of the
robot; and

a relative position determining unit 905 configured to
determine a central positional coordinate of the first identi-
fication line based on the dividing point(s) and the linear
equation, and determining a relative position of the robot
based on the central positional coordinate and the linear
equation.
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The robot recharging localization apparatus shown in
FIG. 9 corresponds to the robot recharging localization
method shown in FIG. 4.

In this embodiment, each of the above-mentioned mod-
ules/units is implemented in the form of software, which can
be computer program(s) stored in a memory of the robot
recharging localization apparatus and executable on a pro-
cessor of the robot recharging localization apparatus. In
other embodiments, each of the above-mentioned modules/
units may be implemented in the form of hardware (e.g., a
circuit of the robot recharging localization apparatus which
is coupled to the processor of the robot recharging localiza-
tion apparatus) or a combination of hardware and software
(e.g., a circuit with a single chip microcomputer).

FIG. 10 is a schematic block diagram of an embodiment
of a robot according to the present disclosure. As shown in
FIG. 10, in this embodiment, a mobile robot 1000 such as a
patrolling robot is provided. the robot 1000 includes a
processor 1100, a storage 1101, and a computer program
1102 stored in the storage 1101 and executable on the
processor 1100, for example, a robot recharging localization
program, and a radar 1103. When executing (instructions in)
the computer program 1102, the processor 1100 implements
the steps in the above-mentioned embodiments of the robot
recharging localization method. Alternatively, when the pro-
cessor 1100 executes the (instructions in) computer program
1102, the functions of each module/unit in the above-
mentioned device embodiments are implemented. In this
embodiment, the radar 1103 is a lidar.

Exemplarily, the computer program 1102 may be divided
into one or more modules/units, and the one or more
modules/units are stored in the storage 1101 and executed by
the processor 1100 to realize the present disclosure. The one
or more modules/units may be a series of computer program
instruction sections capable of performing a specific func-
tion, and the instruction sections are for describing the
execution process of the computer program 1102 in the robot
1000. For example, the computer program 1102 can be
divided into:

a directional angle estimating unit configured to calculate
a directional angle of the first identification line of the
identification area based on identification points collected by
a radar of the robot, where the directional angle is an
included angle of the first identification line and an axis of
a coordinate system of the robot;

an identification point sequence determining unit config-
ured to determine a sequence of the identification points in
the identification area according to the directional angle of
the first identification line;

a dividing point determining unit configured to determine
dividing point(s) in the sequence of the identification points
based on a change of a first included angle formed of a radar
zero point of the first identification line, endpoints of the
sequence of the identification points, and the identification
points in the sequence of the identification points;

a fitting unit configured to fit the sequence of the identi-
fication points to obtain a linear equation of the first iden-
tification line with respect to a coordinate system of the
robot; and

a relative position determining unit configured to deter-
mine a central positional coordinate of the first identification
line based on the dividing point(s) and the linear equation,
and determining a relative position of the robot based on the
central positional coordinate and the linear equation.

The robot 1000 may include, but is not limited to, the
processor 1100 and the storage 1101. It can be understood by
those skilled in the art that FIG. 10 is merely an example of
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the robot 1000 and does not constitute a limitation on the
robot 10000, and may include more or fewer components
than those shown in the figure, or a combination of some
components or different components. For example, the robot
1000 may further include an input/output device, a network
access device, a bus, and the like.

The processor 1100 may be a central processing unit
(CPU), or be other general purpose processor, a digital
signal processor (DSP), an application specific integrated
circuit (ASIC), a field-programmable gate array (FPGA), or
be other programmable logic device, a discrete gate, a
transistor logic device, and a discrete hardware component.
The general purpose processor may be a microprocessor, or
the processor may also be any conventional processor.

The storage 1101 may be an internal storage unit of the
robot 110, for example, a hard disk or a memory of the robot
1000. The storage 1101 may also be an external storage
device of the robot 1000, for example, a plug-in hard disk,
a smart media card (SMC), a secure digital (SD) card, flash
card, and the like, which is equipped on the robot 1000.
Furthermore, the storage 1101 may further include both an
internal storage unit and an external storage device, of the
robot 1000. The storage 1101 is configured to store the
computer program 1102 and other programs and data
required by the robot 1000. The storage 1101 may also be
used to temporarily store data that has been or will be output.

Those skilled in the art may clearly understand that, for
the convenience and simplicity of description, the division
of the above-mentioned functional units and modules is
merely an example for illustration. In actual applications, the
above-mentioned functions may be allocated to be per-
formed by different functional units according to require-
ments, that is, the internal structure of the device may be
divided into different functional units or modules to com-
plete all or part of the above-mentioned functions. The
functional units and modules in the embodiments may be
integrated in one processing unit, or each unit may exist
alone physically, or two or more units may be integrated in
one unit. The above-mentioned integrated unit may be
implemented in the form of hardware or in the form of
software functional unit. In addition, the specific name of
each functional unit and module is merely for the conve-
nience of distinguishing each other and are not intended to
limit the scope of protection of the present disclosure. For
the specific operation process of the units and modules in the
above-mentioned system, reference may be made to the
corresponding processes in the above-mentioned method
embodiments, and are not described herein.

In the above-mentioned embodiments, the description of
each embodiment has its focuses, and the parts which are not
described or mentioned in one embodiment may refer to the
related descriptions in other embodiments.

Those ordinary skilled in the art may clearly understand
that, the exemplificative units and steps described in the
embodiments disclosed herein may be implemented through
electronic hardware or a combination of computer software
and electronic hardware.

Whether these functions are implemented through hard-
ware or software depends on the specific application and
design constraints of the technical schemes. Those ordinary
skilled in the art may implement the described functions in
different manners for each particular application, while such
implementation should not be considered as beyond the
scope of the present disclosure.

In the embodiments provided by the present disclosure, it
should be understood that the disclosed apparatus (or
device)/robot and method may be implemented in other
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manners. For example, the above-mentioned apparatus/ro-
bot embodiment is merely exemplary. For example, the
division of modules or units is merely a logical functional
division, and other division manner may be used in actual
implementations, that is, multiple units or components may
be combined or be integrated into another system, or some
of the features may be ignored or not performed. In addition,
the shown or discussed mutual coupling may be direct
coupling or communication connection, and may also be
indirect coupling or communication connection through
some interfaces, devices or units, and may also be electrical,
mechanical or other forms.

The units described as separate components may or may
not be physically separated. The components represented as
units may or may not be physical units, that is, may be
located in one place or be distributed to multiple network
units. Some or all of the units may be selected according to
actual needs to achieve the objectives of this embodiment.

In addition, each functional unit in each of the embodi-
ments of the present disclosure may be integrated into one
processing unit, or each unit may exist alone physically, or
two or more units may be integrated in one unit. The
above-mentioned integrated unit may be implemented in the
form of hardware or in the form of software functional unit.

When the integrated module/unit is implemented in the
form of a software functional unit and is sold or used as an
independent product, the integrated module/unit may be
stored in a non-transitory computer-readable storage
medium. Based on this understanding, all or part of the
processes in the method for implementing the above-men-
tioned embodiments of the present disclosure are imple-
mented, and may also be implemented by instructing rel-
evant hardware through a computer program. The computer
program may be stored in a non-transitory computer-read-
able storage medium, which may implement the steps of
each of the above-mentioned method embodiments when
executed by a processor. In which, the computer program
includes computer program codes which may be the form of
source codes, object codes, executable files, certain inter-
mediate, and the like. The computer-readable medium may
include any primitive or device capable of carrying the
computer program codes, a recording medium, a USB flash
drive, a portable hard disk, a magnetic disk, an optical disk,
a computer memory, a read-only memory (ROM), a random
access memory (RAM), electric carrier signals, telecommu-
nication signals and software distribution media. It should
be noted that the content contained in the computer readable
medium may be appropriately increased or decreased
according to the requirements of legislation and patent
practice in the jurisdiction. For example, in some jurisdic-
tions, according to the legislation and patent practice, a
computer readable medium does not include electric carrier
signals and telecommunication signals.

The above-mentioned embodiments are merely intended
for describing but not for limiting the technical schemes of
the present disclosure. Although the present disclosure is
described in detail with reference to the above-mentioned
embodiments, it should be understood by those skilled in the
art that, the technical schemes in each of the above-men-
tioned embodiments may still be modified, or some of the
technical features may be equivalently replaced, while these
modifications or replacements do not make the essence of
the corresponding technical schemes depart from the spirit
and scope of the technical schemes of each of the embodi-
ments of the present disclosure, and should be included
within the scope of the present disclosure.
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What is claimed is:
1. A computer-implemented localization method for
recharging of a mobile robot to identify a charging identi-
fication area, wherein the identification area is defined by a
first identification surface and a second identification surface
and a third identification surface both extending from the
first identification surface in a same direction, the identifi-
cation area is provided with a charging station having a
charging interface, and the first identification surface, the
second identification surface and the third identification
surface intersect a section of the identification area on a first
identification line, a second identification line and a third
identification line, respectively, and the method comprises
executing on a processor steps of:
calculating a directional angle of the first identification
line based on identification points near a radar zero
point of the first identification line collected by a radar
of the robot, wherein the radar zero point is a point on
the first identification line corresponding to a 0-degree
direction of the radar in a coordinate system of the radar
during ranging of the radar, wherein the 0-degree
direction is a direction in a center of a predetermined
scanning range of the radar, and wherein the directional
angle is an included angle between the first identifica-
tion line and an axis of a coordinate system of the robot;

determining a sequence of the identification points in the
identification area according to the calculated direc-
tional angle of the first identification line, and finding
two endpoints of the sequence of the identification
points;
determining one or more dividing points in the sequence
of the identification points based on a change of a first
included angle formed of the radar zero point of the first
identification line, endpoints of the sequence of the
identification points, and the identification points in the
sequence of the identification points;
fitting the sequence of the identification points to obtain a
linear equation of the first identification line with
respect to the coordinate system of the robot; and

determining a central positional coordinate of the first
identification line based on the one or more dividing
points and the linear equation, and determining a rela-
tive position of the robot based on the central positional
coordinate and the linear equation.

2. The method of claim 1, wherein the step of calculating
the directional angle of the first identification line based on
the identification points near the radar zero point of the first
identification line collected by the radar of the robot com-
prises;

fitting the identification points near the radar zero point to

form the estimated first identification line, and calcu-
lating the directional angle of the first identification
line.

3. The method of claim 1, wherein the step of determining
the sequence of the identification points in the identification
area according to the calculated directional angle of the first
identification line, and finding the two endpoints of the
sequence of the identification points comprises:

selecting the identification points from the radar zero

point along two opposite directions of the estimated
first identification line in a sequential manner, and
forming a first line from the selected identification
points to the radar zero point;

obtaining a directional angle of the first line, determining

a difference between the directional angle of the first
line and the calculated directional angle of the first
identification line; and
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using a previously selected identification point of the
identification point currently selected in the sequential
manner as the endpoint of the sequence of the identi-
fication points, in response to the difference being
greater than a predetermined value, and determining
the sequence of the identification points based on the
identified endpoint.

4. The method of claim 1, wherein the step of determining
the one or more dividing points in the sequence of the
identification points based on the change of the first included
angle formed of the radar zero point of the first identification
line, the endpoints of the sequence of the identification
points, and the identification points in the sequence of the
identification points comprises:

forming a first angle with a central identification point

between the radar zero point and the endpoint as a
vertex based on one of the endpoints in the sequence of
the identification points, the radar zero point, and the
central identification point; and

determining the central identification point corresponding

to the smallest first angle as the one or more dividing,
points.

5. The method of claim 1, wherein the step of determining
the central positional coordinate of the first identification
line based on the one or more dividing points and the linear
equation, and determining the relative position of the robot
based on the central positional coordinate and the linear
equation comprises:

determining a coordinate of the midpoint of the first

identification line based on the one or more dividing
points;

calculating a second included angle of a coordinate axis of

the first identification line with respect to the coordinate
system of the radar; and

converting the position of the robot to the coordinate of a

coordinate system of the charging station based on the
coordinate of the midpoint and the second included
angle.

6. The method of claim 5, wherein the step of converting
the position of the robot to the coordinate of the coordinate
system of the charging station based on the coordinate of the
midpoint and the second included angle comprises:

converting the position of the robot to the coordinate of

the coordinate system of the charging station based on
a transformation matrix of:

cos(ang) sin(ang) —xg cos(ang)— yorsin(ang)
A = | —sin(ang) cos(ang) xrsin(ang) — yorcos(ang) |;
0 0 1

where, ang is the second included angle of the first
identification line with respect to a horizontal axis of
the coordinate system of the radar, and (X, Y,,) is the
coordinate of the midpoint of the first identification line
in the identification area of the coordinate system of the
radar.

7. A localization apparatus for recharging of a mobile
robot to identify a charging identification area, wherein the
identification area is defined by a first identification surface
and a second identification surface and a third identification
surface both extending from the first identification surface in
a same direction, the identification area is provided with a
charging station having a charging interface, and the first
identification surface, the second identification surface and
the third identification surface intersect a section of the
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charging station on a first identification line, a second
identification line and a third identification line, respectively,
and the apparatus comprises:

a directional angle estimating unit configured to calculate
a directional angle of the first identification line based
on identification points near a radar zero point of the
first identification line collected by a radar of the robot,
wherein the radar zero point is a point on the first
identification line corresponding to a 0-degree direction
of the radar in a coordinate system of the radar during
ranging of the radar, wherein the 0-degree direction is
a direction in a center of a predetermined scanning
range of the radar, and wherein the directional angle is
an included angle between the first identification line
and an axis of a coordinate system of the robot;

an identification point sequence determining unit config-
ured to determine a sequence of the identification
points in the identification area according to the calcu-
lated directional angle of the first identification line,
and finding two endpoints of the sequence of the
identification points;

a dividing point determining unit configured to determine
one or more dividing points in the sequence of the
identification points based on a change of a first
included angle formed of the radar zero point of the first
identification line, endpoints of the sequence of the
identification points, and the identification points in the
sequence of the identification points;

a fitting unit configured to fit the sequence of the identi-
fication points to obtain a linear equation of the first
identification line with respect to the coordinate system
of the robot; and

a relative position determining unit configured to deter-
mine a central positional coordinate of the first identi-
fication line based on the one or more dividing points
and the linear equation, and determining a relative
position of the robot based on the central positional
coordinate and the linear equation.

8. The apparatus of claim 7, wherein the directional angle

estimating unit comprises:

a directional angle calculation subunit configured to fit the
identification points near the radar zero point to form
the estimated first identification line, and calculate the
directional angle of the first identification line.

9. A robot, comprising:

a radar;

a memory;

a processor; and

one or more computer programs for recharging of a
mobile robot to identify a charging identification area
stored in the memory and executable on the processor,
wherein the identification area is defined by a first
identification surface and a second identification sur-
face and a third identification surface both extending
from the first identification surface in a same direction,
the identification area is provided with a charging
station having a charging interface, and the first iden-
tification surface, the second identification surface and
the third identification surface intersect a section of the
identification area on a first identification line, a second
identification line and a third identification line, respec-
tively; wherein the one or more computer programs
comprise:

instructions for calculating a directional angle of the first
identification line based on identification points near a
radar zero point of the first identification line collected
by a radar of the robot, wherein the radar zero point is
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a point on the first identification line corresponding to
a 0-degree direction of the radar in a coordinate system
of the radar during ranging of the radar wherein the
O-degree direction is a direction in a center of a
predetermined scanning range of the radar, and wherein
the directional angle is an included angle between the
first identification line and an axis of a coordinate
system of the robot;

instructions for determining a sequence of the identifica-

tion points in the identification area according to the
calculated directional angle of the first identification
line, and finding two endpoints of the sequence of the
identification points;

instructions for determining one or more dividing points

in the sequence of the identification points based on a
change of a first included angle formed of the radar zero
point of the first identification line, endpoints of the
sequence of the identification points, and the identifi-
cation points in the sequence of the identification
points;

instructions for fitting the sequence of the identification

points to obtain a linear equation of the first identifi-
cation line with respect to the coordinate system of the
robot; and

instructions for determining a central positional coordi-

nate of the first identification line based on the one or
more dividing points and the linear equation, and
determining a relative position of the robot based on the
central positional coordinate and the linear equation.

10. The robot of claim 9, wherein the instructions for
calculating the directional angle of the first identification
line based on identification points near the radar zero point
of the first identification line collected by the radar of the
robot comprise:

instructions for fitting the identification points near the

radar zero point to form the estimated first identifica-
tion line, and calculating the directional angle of the
first identification line.

11. The robot of claim 9, wherein the instructions for
determining the sequence of the identification points in the
identification area according to the calculated directional
angle of the first identification line, and finding the two
endpoints of the sequence of the identification points com-
prise:

instructions for selecting the identification points from the

radar zero point along two opposite directions of the
estimated first identification line in a sequential man-
ner, and forming a first line from the selected identifi-
cation points to the radar zero point;

instructions for obtaining a directional angle of the first

line, determining a difference between the directional
angle of the first line and the calculated directional
angle of the first identification line; and

instructions for using previously selected identification

point of the identification point currently selected in the
sequential manner as the endpoint of the sequence of
the identification points, in response to the difference
being greater than a predetermined value, and deter-
mining the sequence of the identification points based
on the identified endpoint.

12. The robot of claim 9, wherein the instructions for
determining the one or more dividing points in the sequence
of the identification points based on the change of the first
included angle formed of the radar zero point of the first
identification line, the endpoints of the sequence of the
identification points, and the identification points in the
sequence of the identification points comprise:
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instructions for forming a first angle with a central iden-
tification point between the radar zero point and the
endpoint as a vertex based on one of the endpoints in
the sequence of the identification points, the radar zero
point, and the central identification point; and

instructions for determining the central identification
point corresponding to the smallest first angle as the
one or more dividing points.

13. The robot of claim 9, wherein the instructions for
determining the central positional coordinate of the first
identification line based on the one or more dividing points
and the linear equation, and determining the relative position
of the robot based on the central positional coordinate and
the linear equation comprise:

instructions for determining a coordinate of the midpoint

of the first identification line based on the one or more
dividing points;
instructions for calculating a second included angle of a
coordinate axis of the first identification line with
respect to the coordinate system of the radar; and

instructions for converting the position of the robot to the
coordinate of a coordinate system of the charging
station based on the coordinate of the midpoint and the
second included angle.

14. The robot of claim 13, wherein the instructions for
converting the position of the robot to the coordinate of the
coordinate system of the charging station based on the
coordinate of the midpoint and the second included angle
comprise:

instructions for converting the position of the robot to the

coordinate of the coordinate system of the charging
station based on a transformation matrix of:

cos(ang) sin(ang) —xy cos(ang)— yorsin(ang)

A =| —sin(ang) cos(ang)

0 0 1

Xor sin(ang) — yorcos(ang) |;

where, ang is the second included angle of the first
identification line with respect to a horizontal axis of
the coordinate system of the radar, and (X, ) is the
coordinate of the midpoint of the first identification line
in the identification area of the coordinate system of the
radar.

15. The method of claim 1, wherein the second identifi-
cation line and the third identification line are respectively
have a vertical relationship with respect to the first identi-
fication line; or

a straight angle between the first identification line, the

second identification line and the third identification
line is greater than 90 degrees.

16. The method of claim 1, wherein the charging interface
is for the robot to charge and is in the identification area, the
radar is installed directly in front of the robot, and a polar
coordinate system of the radar which has a direction directly
in front of the detecting radar as a X-axis and the radar as a
center point is created, a position of the radar is not overlap
with a center of the robot.

17. The apparatus of claim 7, wherein the identification
point sequence determining unit is further configured to:

select the identification points from the radar zero point

along two opposite directions of the first identification
line in a sequential manner, and form a first line from
the selected identification points to the radar zero point;
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obtain a directional angle of the first line, determine a
difference between the directional angle of the first line
and the calculated directional angle of the first identi-
fication line; and

use a previously selected identification point of the iden-
tification point currently selected in the sequential
manner as the endpoint of the sequence of the identi-
fication points, in response to the difference being
greater than a predetermined value, and determine the
sequence of the identification points based on the
identified endpoint.

18. The apparatus of claim 7, wherein the dividing point

determining unit is further configured to:

form a first angle with a central identification point
between the radar zero point and the endpoint as a
vertex based on one of the endpoints in the sequence of
the identification points, the radar zero point, and the
central identification point; and

determine the central identification point corresponding to
the smallest first angle as the one or more dividing,
points.

19. The apparatus of claim 7, wherein the relative position

determining unit is further configured to:

determine a coordinate of the midpoint of the first iden-
tification line based on the one or more dividing points;
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calculate a second included angle of a coordinate axis of
the first identification line with respect to the coordinate
system of the radar; and

convert the position of the robot to the coordinate of a
coordinate system of the charging station based on the
coordinate of the midpoint and the second included
angle.

20. The apparatus of claim 19, wherein the relative

position determining it is further configured to:

convert the position of the robot to the coordinate of the
coordinate system of the charging station based on a
transformation matrix of:

cos(ang) sin(ang) —xgrcos(ang)— yorsin(ang)

A =| —sin(ang) cos(ang) xqrsin(ang) — yorcos(ang) |;

0 0 1

where, ang is the second included angle of the first
identification line with respect to a horizontal axis of
the coordinate system of the radar, and (x,,y /) is the
coordinate of the midpoint of the first identification lure
ire the identification area of the coordinate system of
the radar.



